Summary. The relations of standard and active rates of oxygen consumption to body temperature (Tb) were tested in montane Bufo b. boreas and lowland Bufo boreas halophilus acclimated to constant Tb of 10, 20, or 30~ or to a fluctuating cycle of 5 30 ~ C. Standard metabolic rates (SMR) of boreas acclimated to 30~ and halophilus acclimated to 10~ show pronounced regions of thermal independence but all other standard and active metabolic rates of groups acclimated to other thermal regimes are thermally sensitive. The SMR of both subspecies acclimated to the 5 30~ cycle are more thermally sensitive than those of similar individuals acclimated to constant Tb. In cases where the relation between SMR and Tb is linear for both halophilus and boreas at the same acclimation temperature, the slope and Q10 of the relation for boreas are significantly higher than those of halophilus. Acclimation had little or no effect on the active metabolic rates of either subspecies. The relation between SMR and Tb of boreas maintairied under field conditions (Carey, 1979) is matched only by those of individuals from the same population acclimated to 20 ~ C.
Introduction
Over the past several decades numerous studies have focused on physiological responses to variation in body temperature (Tb) in ectothermic animals. In recognition of the fact that previous thermal history can influence metabolic responses to temperature (Bullock, 1955; Fromm and Johnson, 1955) , most studies have acclimated the experimental animals to constant temperature in the laboratory prior to testing. The results from these procedures have revealed a variety of acclimatory patterns (see Prosser, 1973 ) from which few generaliza- (Wieser, 1973) . Many authors have attempted to predict from such acclimatory data how their experimental species would respond to temperature in the field (Tashian and Ray, 1957; Dunlap, 1969 Dunlap, , 1971 Dunlap, , 1972 Fitzpatrick et al., 1971 ; Packard, 1971 ; Fitzpatrick and Atebara, 1974) . If previous thermal history can indeed influence physiological responses to temperature, such predictions probably become less accurate the more the thermal acclimatory regime deviates from the actual Tb of the animals in the field. Since most ectothermic animals experience some daily and seasonal variation in Tb due to fluctuations of their thermal environment or to behavioral choice (Barlow, 1958; Brett, 1971) , it is reasonable to ask if an animal with variable Tb in its recent thermal history would respond differently to variation in Tb than in those maintained at constant Tb.
Therefore, the purpose of this study was to measure standard and active rates of oxygen consumption of individuals maintained on constant or fluctuating thermal regimes and to compare these results with those reported elsewhere for similar individuals maintained under field conditions (Carey, 1979) . Resting and active levels of oxygen consumption were studied since often these processes are temperature-dependent and exhibit acclimation in many ectothermic animals (see Prosser, 1973) , Montane Bufo b. boreas and lowland B~fo boreas halophilus were used because they represent ectothermic species which are voluntarily active over different temperature spans. Body temperatures of Bufo b. boreas can vary 30 ~ C daily, whereas Bufo boreas halophilus are characteristically active over a temperature range no greater than 20 ~ C (Carey, 1978) . In the subsequent discussion, "boreas" will designate the nominate subspecies, Bufo b. boreas, and "halophilus" will indicate the subspecies Bufo boreas halophilus.
Materials and Methods
Sixty boreas (mean mass=47.3 g) were captured near the Rocky Mountain Biological Laboratory, Gothic, Gunnison County, Colorado at altitudes between 2900 and 3100 m between June and August. Seventy halophilus (mean mass=57.8 g) were collected at the Devil's Gate Reservoir, La Canada, Los Angeles County, California in February and March. The toads were transported in styrofoam containers by truck or air to the University of Michigan where they were divided randomly into groups for acclimation to different tempei-ature regimes. Three groups were placed in cabinets set at constant temperatures (11, 22 and 34 ~ C) so that body temperatures of the toads approximated 10, 20 and 30 (_+0.5 ~ C). Fluorescent lights in each chamber provided a 12-h photoperiod. A fourth group of both species was housed in a Forma Scientific Model 13 growth chamber providing a 12-h cycle of photoperiod and air temperature between 5 and 30 ~ C (Fig. 1) . The periods of heating and cooling in the cycle required about 1 to 11/2 h each. Deep body temperatures of a 45-g toad, as measured by a 35 ga copper-constantan thermocouple connected to a Honeywell multi-point potentiometer, lagged slightly behind heating and cooling of the air. Because of the high humidity and lack of convection in the Forma Scientific chamber, Tb of toads approximated air temperatures (+0.2 ~ C) once the appropriate end point (5 or 30 ~ C) was reached.
Toads were fed Tenebrio larvae or house crickets several times weekly, depending on the temperature of acclimation. Toads at 30 ~ C were fed about triple the frequency of toads at l0 ~ C. The insects were force-fed to toads acclimated to 10 ~ C because cold immobilized the prey. Each toad was fasted four days before testing.
Rates of active and standard oxygen consumption were measured in the closed system described previously (Carry, 1979) . Measurements were conducted in March-May and June-August for halo- philus and boreas, respectively. These months coincided with the three months following breeding in the annual cycle of each group. Linear or polynomial regressions were used to describe logarithmically transformed data. One-way analysis of covariance was used to test for equality of intercepts and slopes of linear regressions, but polynomial regressions were not statistically compared due to lack of suitable tests.
Results
The relations of standard and active rates of oxygen consumption (f/o2) to body temperatures of boreas and halophilus acclimated to constant or fluctuating temperatures are represented in Figs. 2 and 3. The standard metabolic rates (SMR) of boreas acclimated to 30 ~ C and halophilus acclimated to 10 ~ C exhibit regions of pronounced thermal independence. However, standard values of toads acclimated to other thermal regimes show a direct relation to body temperature over the range of Tb tested. The thermal sensitivity of the active metabolic rates (AMR) of toads acclimated to all regimes decreased at higher Tb.
The effect of acclimation on the SMR of many ectotherms has been described by changes in thermal sensitivity (the slope of the rate-temperature curve or line describing the relation of SMR to body temperature) or in the relative intensity of the SMR (a shift in the position of the intercept of the rate-temperature curve), or a combination of the two effects (see Prosser, 1973, for details) . Statistical comparison of the slopes and intercepts of the regression lines defining the relation of metabolism to temperature thus provides a suitable measure for assessing the effect of acclimation in these toads.
The equations best describing the relation of SMR and AMR to body temperature of boreas and halophilus are presented in Table 1 The relation of SMR to body temperature of boreas may be statistically compared with those of halophilus acclimated to similar temperatures, where the relations for both groups are linear. Comparison of Eqs. 2 and 10 (SMR of boreas and halophilus acclimated to 20 ~ C) and Eqs. 4 and 12 (SMR of boreas and halophilus acclimated to 5-30 ~ C) indicates that the slopes and intercepts of each pair of equations differ significantly (P<0.05). The slopes and Q10 for boreas are higher than the respective values for halophilus at both acclimation temperatures.
The effect of acclimation to various constant or fluctuating temperatures on rates of oxygen consumption of toads during vigorous exercise cannot be assessed statistically. The effect of acclimation on AMR appears to be minimal compared to the relative variation in the slopes and intercepts of the equations for SMR (Fig. 4) at various acclimation temperatures. Since most of the values for AMR used to calculate these polynomial regressions overlap considerably, the state of acclimation appears at most to be only a minor determinant of active metabolism in these two groups of toads.
The Qlo values for AMR calculated for 5 ~ C intervals decrease continually with increasing body temperature in both boreas and halophilus acclimated to all thermal regimes (Table 2 ). In general, the Qlo of halophilus slightly exceed 
Discussion
The results of this study allow discussion of three main questions which will be considered separately: 1) does acclimation to constant or to cyclic thermal regimes result in different metabolic responses to Tb, 2) can acclimatory regimes in the laboratory accurately reproduce metabolic patterns of individuals maintained under field conditions at the same season, and 3) what do metabolic responses to acclimatory regimes in the laboratory indicate about the mechanisms used by ectothermic animals for adjustment to short-term (daily or hourly) variation in T b .9
Acclimation of both boreas and halophilus to 5-30~ C produces relations of SMR to Tb that differ distinctly from those obtained from similar individuals acclimated to constant thermal conditions. The slopes and intercepts of the regression lines defining the relation of SMR to Tb for boreas acclimated to 5-30~ C differ significantly from those of boreas acclimated to all constant temperatures, except for similar intercepts at 10~ and 5-30 ~ C. The intercepts and slopes of SMR of halophilus acclimated to 5 30 ~ C differ significantly from those of other halophilus acclimated to constant temperatures with the exception that the slopes of the relations at 30 ~ C and 5 30 ~ C were similar. With this latter exception, the SMR of both boreas and halophilus acclimated to fluctuating conditions are characterized by greater thermal sensitivity and higher Qlo than those of toads acclimated to constant conditions. c. Carey
So few studies have compared metabolic responses of ectotherms acclimated to constant and cyclic temperatures that no general patterns are apparent. The higher Qlo of SMR in toads acclimated to cyclic temperatures is certainly not universal. Metabolic rates of two species of intertidal crabs maintained on fluctuating temperatures have lower Qlo than those maintained on constant regimes (Dame and Vernberg, 1978) . Metabolic rates of spiders acclimated to cyclic temperatures do not differ in thermal sensitivity (Qlo) from those of spiders on constant temperatures, but are about 35% higher over the entire range of Tb tested (Humphreys, 1975 ). Littoral mussels adapted to cyclic temperatures exhibit physiological rates which do not differ significantly from those of mussels acclimated to equivalent constant temperatures (Widdows, 1976) .
It is clear that many different patterns of acclimatory adjustments to both constant (see Prosser, 1973) and fluctuating temperatures have been observed. In order to fully understand how ectothermic animals respond physiologically to variation in Tb, it will ultimately be important to determine how much of this diversity is attributable to variability in metabolic strategies of ectothermic animals and how much is due to laboratory procedures producing artifactual results. Wieser (1977) has noted the possibility that imposing a constant thermal environment upon a species which normally experiences some variation in Tb could introduce unknown factors into an experiment. One step in approaching this problem would be to determine how closely metabolic responses of ectotherms acclimated in the laboratory can approach those of similar individuals maintained under field conditions.
The regression equation best describing the relation of SMR of boreas maintained under field conditions is: log SMR=-2.23+0.037 Tb (Carey, 1979) . The intercept and slope of this line differ significantly (P<0.01) from those of all regression lines (Eqs. 1-4) describing the SMR of boreas acclimated in the laboratory to constant or fluctuating temperatures, with the exception that the slopes of the regression lines for field and 20~ data are similar. It is particularly interesting to note that the relations of SMR to Tb of boreas in the field and acclimated to 5-30 ~ C are strikingly different, despite the similarities in daily range of Tb (Carey, 1978 (Carey, , 1979 . These results suggest that the variability in thermal history is not the only determinant of the response of SMR to Tb in these toads. Other physical aspects of the laboratory environment differed from those in the field, such as the rate of change of Tb, the predictability of change of Tb, the length of photoperiod, and daily variation in the length of photoperiod. Numerous studies have documented that length of photoperiod can affect metabolic adjustments to temperature (Hoar, 1956; Roberts, 1964; Hutchison and Kohl, 1971; Turney and Hutchison, 1974; and others) . Since ectotherms may use both length of photoperiod and daily body temperatures as cues for biochemical syntheses and metabolic recorganizations needed for survival under various seasonal conditions, acclimation to constant length of photoperiod or to a photoperiod which gives opposite cues to those of temperature (i.e. short photoperiod and warm temperatures and vice-versa) may produce metabolic patterns that are unrelated to those of the animals living in natural conditions, especially in high latitude organisms experiencing daily variation in photoperiod length. Further studies are undoubtedly necessary to explore the relation between metabolic rate and physical aspects of the environment, but the data reported herein suggest that extrapolation of laboratory data to predict how ectothermic animals respond metabolically to natural variation of Tb should be done with caution.
Finally, it is appropriate to consider what acclimatory patterns of metabolic rate can indicate about the mechanism of adjustment to thermal fluctuations in ectothermic animals. Laboratory studies have undoubtedly been useful in elucidating some of the long-term seasonal and evolutionary adjustments of ectotherms to warm or cold temperatures (Lagerspetz, 1977) . Additionally, several studies have noted that amphibians with broad geographical ranges in the mid-to high-latitudes show greater acclimatory abilities than do neotropical animals experiencing restricted seasonal variation in Tb (Brattstrom, 1968 (Brattstrom, , 1970 Feder, 1978) . Snyder and Weathers (1975) have concluded that amphibians living in stable thermal environments might eventually lose abilities to adjust physiologically to thermal variation. These characteristics may only apply to terrestrial amphibians, since desert fishes collected from constant or fluctuating thermal environments show no differences in capacity to adjust the critical thermal maximum (CTM) (Brown and Feldmeth, 1971) and no correlation exists between acclimatory patterns and thermal diversity of habitat in marine polychaetes (Mangum, 1972) .
Although acclimation experiments have undoubtedly been useful for identifying mechanisms of long-term adjustment to temperature, they may not provide much substantive evidence about mechanisms of short-term (daily or hourly) adjustment. Acclimatory changes observed on the whole-animal level (CTM or variation in metabolic rate) appear to require at least 2~ days in amphibians (Brattstrom and Lawrence, 1962; Brattstrom, 1968; Dunlap, 1969) . Molecular adjustments, including syntheses of new isozymes and components of cell membranes, can occur over a span of several weeks (see reviews by Prosser, 1967; Wieser, 1973) . These time constants are too long to be effective in ectotherms experiencing broad and rapid variation in T b. This raises the question concerning how such animals not only regulate biochemical pathways, but also ensure that enzymes and cell components appropriate for each temperature within the range are available when required, particularly if variation in Tb is sudden and unpredictable.
Undoubtedly, these questions must ultimately be answered both on the biochemical and on the physiological levels. Wieser (1977) noted that the V,,ax of pyruvate kinase activity in the foot of Helix pomatia is perfectly compensated for the average temperature on the day on which the snail was collected and sacrificed. From these data he predicted that some ectothermic animals exposed to variable Tb might adjust to the estimated mean daily temperature, rather than to the extremes. Other data obtained on the whole-animal level indicates that the CTM of animals acclimated to cyclic temperatures more closely resemble those of similar individuals maintained on constant temperatures coinciding with the top of the daily cycle rather than with the average temperature of the cycle (Heath, 1963; Seibel, 1970; Hutchison and Ferrance, 1970) . Additionally, acclimation to fluctuating thermal cycles increases the CTM and can provide a greater range of thermal tolerance in some ectotherms (Edney, 1964; Hubbs, c. Carey 1964; Lowe and Heath, 1969; Feldmeth et al., 1974) . Perhaps these data indicate that whatever biochemical properties are necessary for survival at high temperatures are incorporated into the molecular adjustments to cyclic temperatures, rather than indicating that the animals are "acclimating" to the highest temperature of the cycle, as implied by some authors.
The data on CTM do not, of course, indicate anything about adjustments made for optimal function over the entire temperature span of the cycle. Unfortunately, the studies cited previously comparing metabolic rates of animals acclimated to constant or cyclic temperatures do not provide specific information on the nature of adjustment to thermal fluctuations. Additionally, the data presented here for SMR of boreas and halophilus do not add much new insight, either. Boreas are active daily over a 30~ range of Tb, weather permitting, wherease halophilus are voluntarily active over only about a 15-20~ span during breeding and a much narrower range during the rest of their active season (Carey, 1978) . The only appreciable difference between the SMR of boreas and halophilus at various acclimation temperatures is the greater thermal sensitivity of boreas at three acclimation temperatures. This pattern may relate to the possible importance of thermally sensitive metabolic rates in the montane environment (Carey, 1979) . A confounding factor here is that acclimation had no effect on the AMR of either species (Fig. 4) . Widdows (1973) has also noted that some functions do not show acclimation. Since AMR should principally reflect activities in metabolism of heart and skeletal tissues, it probably obliterates small difference in maintenance metabolism produced by acclimation. Since ectothermic animals are undoubtedly active at levels above standard metabolism much of the time in the field, the importance of acclimatory changes to activity at normal levels remains to be resolved.
In summary, acclimation to constant temperatures in many studies has undoubtedly contributed valuable information about the mechanism of long-term adjustment to thermal change in some ectotherms. However, acclimation to constant temperatures of animals normally experiencing daily variation in Tb may produce data which do not accurately answer the question concerning how such animals adjust to temperature in nature. The basic question concerning how ectothermic animals deal with thermal variation is far from being answered and fully merits further research, since such information is fundamental to understanding influences of the environment on energy procurement and expenditure in these animals.
